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Extracting γ from three-body B-meson decays
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To date, the weak-phase γ has been measured using two-body B-meson decays such as B → DK
and B → Dpi, whose amplitudes contain only tree-level diagrams. But γ can also be extracted
from three-body charmless hadronic B decays. Since the amplitudes for such decays contain both
tree- and loop-level diagrams, γ obtained in this way is sensitive to new physics that can enter into
these loops. The comparison of the values of γ extracted using tree-level and loop-level methods is
therefore an excellent test for new physics. In this talk, we will show how U-spin and flavor-SU(3)
symmetries can be used to develop methods for extracting γ from B → Kpipi and B → KKK¯
decays. We describe a successful implementation of the flavor-SU(3) symmetry method applied to
BaBar data.
The observed baryon-to-photon ratio of the universe [1]
is several orders of magnitude larger than that predicted
by the Standard Model (SM). In order to explain this, we
need new sources of CP violation beyond the standard
Cabibbo-Kobayashi-Maskawa (CKM) paradigm. Of the
three angles of the CKM unitarity triangle, γ is the least
well-measured. A more precise determination might re-
veal a deviation from the SM expectations, thus provid-
ing a hint of new sources of CP violation.
The standard ways of measuring γ, the so-called GLW
[2, 3], ADS [4], and GGSZ [5] methods, provide a theo-
retically clean way of measuring the SM value of γ [6].
All of these methods use the interference between tree
diagrams in B decays, and so they are sensitive only to
tree-level new physics (NP) [7]. However, the low-energy
effects of most types of NP appear only at loop level, so
that it is useful to find alternative methods for extract-
ing γ that involve decays whose amplitudes include con-
tributions from loop diagrams. A discrepancy between
the values of γ extracted using tree-level and loop-level
methods will point to the presence of NP. This will be
particularly useful as experiments become more and more
precise [8–10]. Here we present two alternative methods
for extracting γ using charmless three-body B decays.
The first method uses a pair of B → PPP decays
(P = pi,K) related by U-spin symmetry. It was pro-
posed in Ref. [11] as an extension of a method involving
two-body U-spin pairs [12]. Examples of pairs of three-
body decays to which this method can be applied are (i)
B0s → KSpi
+pi− (b¯ → d¯) and B0
d
→ KSK
+K− (b¯ → s¯),
and (ii) B0s → KSK
+K− (b¯ → d¯) and B0
d
→ KSpi
+pi−
(b¯→ s¯). These decays have both tree- and loop-level con-
tributions. It was shown that, using the time-dependent
Dalitz-plot analyses of each of the U-spin-related three-
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body B decays, there are enough observables to extract
γ from a fit. This is done as follows.
In every Dalitz-plot bin, one can construct the equiva-
lent of a CP-averaged branching ratio, a direct CP asym-
metry, and an indirect CP asymmetry. Now, U-spin sym-
metry implies one relationship involving the branching
ratios and CP asymmetries, so there are effectively five
independent observables. However, if one includes the
measurement of the B0-B¯0 mixing phase as an external
input, there are only four theoretical parameters: three
hadronic parameters (two magnitudes of amplitudes and
one relative strong phase), and γ. With more observ-
ables than unknown parameters, γ can be extracted. In
addition, one can measure the size of U-spin breaking by
using the U-spin relationship between branching ratios
and CP asymmetries.
Now, the hadronic parameters are momentum depen-
dent, i.e., their values vary from point to point, or bin
to bin, over the Dalitz plot. The extraction of γ, as well
as measuring the size of U-spin breaking, can therefore
be performed in local regions and averaged over the en-
tire Dalitz plot. The observables defined in this method
become exact when the bins are pointlike. Of course, in
practice, finite bin sizes must be used, and this intro-
duces a systematic error, since smaller (larger) bin sizes
imply more (fewer) bins in the Dalitz plane, but fewer
(more) data points within each bin. For a given dataset,
the optimal bin size minimizes the error associated with
these competing effects.
The second method, proposed in Ref. [13], extracts γ
using information from the Dalitz plots of B → Kpipi
and B → KKK¯ decays, which are related by flavor
SU(3) symmetry. There are several ingredients. First,
the method relies on diagrammatic analyses of three-
body final states [14, 15]. Second, under SU(3), the final
state has an S3 symmetry, which is a symmetry under
the interchange of the three identical final-state parti-
cles. As a result, one can split a three-body decay am-
plitude into a fully-symmetric, a fully-antisymmetric and
four mixed-symmetric states. In Ref. [16], it was shown
2that flavor-SU(3) diagrams are equivalent to flavor-SU(3)
matrix elements for the fully-symmetric three-body final
state. (Note that this equivalence includes rescattering
effects to all orders in αs.) Third, in Ref. [14], it was
shown that, for a given decay amplitude, one can con-
struct the fully-symmetric amplitude by performing an
isobar analysis of the Dalitz plot for the decay.
An implementation of this method was first presented
in Ref. [17]. It was shown that, in the SU(3) symmetry
limit, there are four effective diagrams that contribute to
B0 → K+pi0pi−, B0 → K0pi+pi−, B0 → K+K0K−, and
B0 → K0K0K¯0. The BaBar data for these decays are
given in Ref. [18]. By performing an amplitude analysis
using the isobar model for each of the four Dalitz plots,
nine observables were constructed. But there are only
eight theoretical unknowns: seven hadronic parameters
(four magnitudes of diagrams and three relative strong
phases) and γ. As before, with more observables than
unknown parameters, one can extract γ. And since both
observables and hadronic parameters in three-body de-
cays are momentum dependent, γ could be determined
independently from different local regions of the Dalitz
plots.
The analysis of Ref. [17] found a fourfold discrete am-
biguity in the determination of γ. One of the four values
agreed quite well with the independent measurements of
γ from tree decays, while the other three solutions did
not.
In order to address the issue of SU(3) breaking, in
Ref. [17] it was assumed that there is a single SU(3)-
breaking parameter αSU(3) relating B → Kpipi and B →
KKK¯ decays (αSU(3) = 1 corresponds to the flavour-
SU(3) limit). It was found that, by adding the decay
B+ → K+pi+pi− to the analysis, αSU(3) could be ex-
tracted. Averaged over the kinematically-allowed Dalitz
regions, it was found that αSU(3) = 0.97±0.05, indicating
the absence of significant SU(3) breaking.
Now, the original analysis presented in Ref. [17] did
not include all the errors. In particular, systematic un-
certainties due to correlations among the various points
in the Dalitz plot were not taken into account. To be
fair, in Ref. [17] a hope was expressed that the analysis
could be redone by physicists (experimentalists?) with
more expertise (and computational power), so that these
effects could be included. Fortunately, a new analysis
presented in this conference has now taken into account
the missing uncertainties [19]. Although the details of
the results change somewhat – a sixfold discrete ambi-
guity is found in the determination of the weak phase –
the analysis demonstrates that γ can indeed be extracted
from three-body charmless hadronic B decays.
ACKNOWLEDGMENTS
BB thanks the workshop organizers for the opportu-
nity to present this work at CKM 2018, and acknowl-
edges the support and hospitality of the University of
Heidelberg. BB also acknowledges travel support from
Lawrence Technological University, as well as support
through an internal seed grant for faculty.
[1] M. Tanabashi et al. [Particle Data Group], “Review
of Particle Physics,” Phys. Rev. D 98, 030001 (2018).
doi:10.1103/PhysRevD.98.030001
[2] M. Gronau and D. London, “How to determine all the an-
gles of the unitarity triangle from B0d → DKS and B
0
s →
Dφ,” Phys. Lett. B 253, 483 (1991). doi:10.1016/0370-
2693(91)91756-L
[3] M. Gronau and D. Wyler, “On determining a weak phase
from CP asymmetries in charged B decays,” Phys. Lett.
B 265, 172 (1991). doi:10.1016/0370-2693(91)90034-N
[4] D. Atwood, I. Dunietz and A. Soni, “Enhanced CP vi-
olation with B → KD0(D¯0) modes and extraction of
the CKM angle γ,” Phys. Rev. Lett. 78, 3257 (1997)
doi:10.1103/PhysRevLett.78.3257 [hep-ph/9612433].
[5] A. Giri, Y. Grossman, A. Soffer and J. Zupan,
“Determining γ using B± → DK± with multi-
body D decays,” Phys. Rev. D 68, 054018 (2003)
doi:10.1103/PhysRevD.68.054018 [hep-ph/0303187].
[6] J. Brod and J. Zupan, “The ultimate theoretical er-
ror on γ from B → DK decays,” JHEP 1401, 051
(2014) doi:10.1007/JHEP01(2014)051 [arXiv:1308.5663
[hep-ph]]; See also J. Brod, WG5, these proceedings
[7] G. Tetlalmatzi, WG4, these proceedings
[8] A. Reis, WG5, these proceedings
[9] Resmi. P. K., WG5, these proceedings
[10] E. Gersabeck, WG5, these proceedings
[11] B. Bhattacharya and D. London, “Using U spin
to extract γ from charmless B → PPP decays,”
JHEP 1504, 154 (2015) doi:10.1007/JHEP04(2015)154
[arXiv:1503.00737 [hep-ph]].
[12] R. Fleischer, “New strategies to extract β and γ
from Bd → pi
+pi− and Bs → K
+K−,” Phys. Lett.
B 459, 306 (1999) doi:10.1016/S0370-2693(99)00640-1
[hep-ph/9903456].
[13] N. Rey-Le Lorier and D. London, “Measuring γ with
B → Kpipi and B → KKK¯ Decays,” Phys. Rev.
D 85, 016010 (2012) doi:10.1103/PhysRevD.85.016010
[arXiv:1109.0881 [hep-ph]].
[14] N. Rey-Le Lorier, M. Imbeault and D. London,
“Diagrammatic Analysis of Charmless Three-Body
B Decays,” Phys. Rev. D 84, 034040 (2011)
doi:10.1103/PhysRevD.84.034040 [arXiv:1011.4972 [hep-
ph]].
[15] M. Imbeault, N. Rey-Le Lorier and D. London,
“Measuring γ in B → Kpipi Decays,” Phys. Rev.
D 84, 034041 (2011) doi:10.1103/PhysRevD.84.034041
[arXiv:1011.4973 [hep-ph]].
[16] B. Bhattacharya, M. Gronau, M. Imbeault, D. Lon-
don and J. L. Rosner, “Charmless B → PPP de-
cays: The fully-symmetric final state,” Phys. Rev. D 89,
3no. 7, 074043 (2014) doi:10.1103/PhysRevD.89.074043
[arXiv:1402.2909 [hep-ph]].
[17] B. Bhattacharya, M. Imbeault and D. London, “Ex-
traction of the CP-violating phase γ using B →
Kpipi and B → KKK¯ decays,” Phys. Lett.
B 728, 206 (2014) doi:10.1016/j.physletb.2013.11.038
[arXiv:1303.0846 [hep-ph]].
[18] J. P. Lees et al. [BaBar Collaboration], “Amplitude
Analysis of B0 → K+pi−pi0 and Evidence of Di-
rect CP Violation in B → K∗pi decays,” Phys. Rev.
D 83, 112010 (2011) doi:10.1103/PhysRevD.83.112010
[arXiv:1105.0125 [hep-ex]]; B. Aubert et al. [BaBar
Collaboration], “Time-dependent amplitude analysis of
B0 → K0Spi
+pi−,” Phys. Rev. D 80, 112001 (2009)
doi:10.1103/PhysRevD.80.112001 [arXiv:0905.3615 [hep-
ex]]; B. Aubert et al. [BaBar Collaboration], “Ev-
idence for Direct CP Violation from Dalitz-plot
analysis of B± → K±pi∓pi±,” Phys. Rev. D
78, 012004 (2008) doi:10.1103/PhysRevD.78.012004
[arXiv:0803.4451 [hep-ex]]; J. P. Lees et al. [BaBar
Collaboration], “Study of CP violation in Dalitz-plot
analyses of B0 → K+K−K0S , B
+
→ K+K−K+, and
B+ → K0SK
0
SK
+,” Phys. Rev. D 85, 112010 (2012)
doi:10.1103/PhysRevD.85.112010 [arXiv:1201.5897 [hep-
ex]].
[19] E. Bertholet, WG5, these proceedings
